AbstrAct: There are a limited number of studies on secular changes in the neonatal period, and the majority of them concern research related to childhood and puberty The objective of our study was to carry out a comparative analysis of body weight and length at birth in neonates born in Wrocław in subsequent decades since 1950 to find out if these parameters are subject to secular trend, and what values they attained during the studied period of 50 years. The study was carried out in the 1950s, 1960s, 1970s, 1980s, 1990s and in 2000 to analyse changes in body length, body weight and Rohrer index over time. The sample studied consisted of 7510 neonates, 3882 males and 3628 females, born in Wroclaw. Secular changes were tested using one-way variance analysis. The values of F statistics were compared to the critical values of the F Snedecor distribution. Changes in the features of neonates in subsequent study years were analysed using the modified z-score. Data were normalised for standard deviation in decade increments. Results demonstrated very slight, though statistically insignificant increase in body weight at birth. Over the 50-year period the mean body weight of neonates was in the range of 3.3-3.4 kg, regardless of sex. Results demonstrated very slight, though statistically insignificant increase in body weight at birth. Over the 50-year period the mean body weight of neonates was in the range of 3.3-3.4 kg, regardless of sex. The acceleration in the body length of neonates caused a gradual decrease in the mean values of the Rohrer index. No secular trend in body weight was found in Wrocław neonates over the 50-year period between 1950 and 2000 With regard to body length at birth, four waves of deceleration and acceleration were found: period 1 (1950s): deceleration in the increase of the analysed body parameters of neonates; period 2 (1960s): acceleration in neonates' growth; period 3 (1970s and 1980s): economic crisis and political transformations in Poland; this is reflected by the stable mean values of body dimensions in neonates. The secular trend clearly decelerated, and period 4 (1990s and 2000) -very intense acceleration in both body weight and length and the Rohrer index.
Introduction
Acceleration in developmental processes and the timing of puberty, change in the sequence of developmental stages, and delay of involutive processes have been observed from the early 20 th century. This process is more pronounced in populations which experience intensive progress and civilisation advance (Bielicki et al. 2005 , Avila et al. 2013 , Lisner et al. 2013 . Porwolik et al. (2005) demonstrate that environmental factors operating during the foetal period have a significant impact on diversity of body length in neonates. The growth rate is subject to change. In the second half of the 20 th century it was identified four periods of changes in body length at birth. The results obtained has encouraged us to continue studies on neonates born in Wrocław, with a focus on their accelerated development. Another important reason for this study was the current debate on the significant role of intrauterine factors in the postnatal development. The last but not least is the knowledge gap on secular changes in prenatal and neonatal periods (Bożiłow et al. 1985 , Boziłow et al. 1992 , Ziółkowski et al. 1992 , Andersen et al. 2010 .
The objective of this study was to carry out a comparative analysis of body weight and length at birth in neonates born in Wrocław in subsequent decades since 1950 to find out if these parameters are subject to secular trend, and what values they attained during the studied period of 50 years.
Material and methods
The study was carried out in the 1950s, 1960s, 1970s, 1980s, 1990s and in 2000. Altogether, 7720 babies were born. Two hundred and ten cases (2.7%) were rejected because of evident mistakes in the documentation process, multiple pregnancies, confirmed growth anomalies, etc. For the purposes of this study, only neonates from single pregnancies, vaginal delivery, and to which there were no medical objections were taken into consideration. Measurements were taken at the 1st Department and Clinic of Gynaecology and Obstetrics, Medical University in Wrocław after delivery, by four nurses previously trained by anthropologists. Metric measurements were taken according to standard anthropometric techniques (Boziłow et al. 1985 (Boziłow et al. , 1992 ) using anthropometric tapes with accuracy up to 1 mm, approved by the Polish Central Office of Measures. Body weight was measured on hospital scales, accuracy up to 2 g, approved by the Polish Office of Measures. Each measurement was taken three times. Mean values from the measurements were used for analysis.
The Statistica 10 PL statistical software package was used to identify the compliance of individual absolute values with normal distribution using the Kolmogorov-Smirnov test. Male-female differences were analysed with the Morgan test. The one-way ANOVA was used to test secular changes in subsequent study years. The values of F statistics were compared to the critical values of the F Snedecor distribution at level α= 0.05.
Changes in the neonates' traits in subsequent study years were analysed using the modified z-score. Data were normalised for standard deviation in decade increments.
Results
7510 neonates comprising 3882 males and 3628 females from Wrocław underwent analysis (Table 1) Three characteristics of body size were analysed: body length and body weight of the neonate at birth, and the Rohrer index. The descriptive statistics of the study traits are presented in table 2, or each of these traits, different variability of mean values between 1950 and 2000 was found.
The body length at birth increased in male neonates by 2 cm during the analysed period. In the 1950s, the body length decreased significantly by almost 3 cm on average, to compensate for this decrease in the subsequent decade. Between 1970 Between -1990 , a relatively stable mean values for this trait was observed. For the 1990s it was found a significant increase in the mean values of body length at birth in male neonates.
Body length in female neonates increased in the second half of the 20 th century by 1.7 cm. The variability of mean values in the subsequent decades followed similar trends as those identified for male neonates, but body lengths were always lower in newborn girls. However, the differences analysed with the Morgan test were found to be statistically insignificant. It should be pointed out that for the 1980s, a 0.6 cm reduction in the mean body length of female neonates was found, while in male neonates this value remained stable.
Between 1950 and 2000 the variability in body weight at birth was at a very low level. Changes in the mean values of body weight for both sexes analysed with the F Snedecor test were statistically insignificant. The analysis also demonstrated no statistical significance in dimorphic differences. It can be assumed that the mean body weight at birth was in the range of 3.3 kg-3.4 kg in the entire analysed period.
Mean values of the Rohrer index increased in both sexes only in the 1950s. In that period the increase in body weight at birth was greater than the increase in body length. In the other analysed decades the values for this index decreased, resulting in decreased mean Rohrer index in the entire study period by 17 units in male neonates and by 15 units in female neonates. Considering the relative stabilisation in mean values of body weight at birth, it can therefore be concluded that the increasing values of body length in neonates caused a gradual decrease in the mean values of the Rohrer index.
For the purpose of the comparative analysis of variability in the studied features in the second half of the 20 th century mean values were normalized for standard deviation (z-score). This transformation enabled us the comparison of mean values for studied traits, irrespective of the sex, study decade or absolute values for the trait.
In the 1950s, body length at birth decreased in both sexes by 0.7-0.8 units (Figure 1 ). Male-female differences were found to be statistically insignificant. (Figure 2) . The greatest increase (by 0.22 units) was found in the 1990s in female neonates, while in the same decade the increase in male neonates was by 0.13 units. In the other decades of the 20 th century the normalised values of body weight at birth did not exceed 0.1 units in both sexes. Regardless of being above or below zero, these values were too low to be important for the interpretation of changes in the mean body weight between 1950 and 2000.
The normalised values of the Rohrer index were above zero only in the 1950s, when they increased by about 1.2 units in both sexes. In the other decades the normalised values of the Rohrer index were below zero, except for female neonates born in the 1980s (increase by 0.12 units). In the 1990s, the normalised Rohrer index decreased rapidly and was -0.27 units in male neonates and -0.15 units in female neonates. The gradually decreasing index value, coinciding with a relatively stable mean body weight at birth indicate that the acceleration in body length is the main factor responsible for changes in the index value. The decrease in mean normalised index values was correlated with the increase in normalised values for body length at birth. 
Discussion
The choice of features analysed in our study was not accidental. Body height (body length in neonates) is a parameter which actively responds to long-term changes in socio-economic conditions, by both increase or decrease in mean values (Bożiłow et al. 1985 , Ziółkowski et.al. 1992 , Andersen and Osler 2004 , Barker et al. 2005 , Schack-Nielsen 2006 , Kułaga et al. 2011 , Avila et al. 2013 , Mirmiran et al. 2013 ). Body weight is known for displaying the substantial plasticity and has been found to change most dynamically during periods of radical but also rapid changes that occur in the body. This particularly refers to embryo-foetal, perinatal and neonatal periods (Bożiłow et al. 1992 , Koupilova et al. 2000 , Andersen and Osler 2004 , Brialić et al. 2006 , Grandi and Dipierri 2008 . Fluctuations in mean body weight indicate the shortterm effects of changing environmental conditions on the human body, while long-term studies demonstrate that body weight adapts relatively quickly to the effects of changing environmental conditions. The Rohrer index is one of the weight-and height-related parameters characterising leanness or corpulence of the body in the most general terms. Rysiewski and Książyk (2009) wrote that "Results of formal analysis of indices may make researchers pessimistic. The reason for this is the fact that, according to studies, the interpretation of indices in terms of physicality is generally difficult, and for all indices provide more or less rescaled body weight. These results diverge from the objective, which was focused on finding new information on the studied individual through a measure which is the function of body weight and body height. At best, although still unsatisfactory, this objective can be reached by using the Rohrer index, which is to the lowest degree correlated with the body weight". For this reason we chose the Rohrer index for the analysis of secular changes in the studied population of neonates.
Many researchers have pointed out that secular trends are significantly diversified in the same time intervals for different populations, but also for the same population in different time intervals. Secular changes are much more pronounced in the social groups and populations that experience the strongest delay in socio-economic progress. For this reason secular changes are found to be the most intensive in developing countries, in lower social groups (Koupilova et al. 1998 , Koupilova et al. 2000 , Brialić et al. 2006 , Schack-Nielsen et al. 2006 , Grandi and Dipierri 2008 , Avila et al. 2013 , Hata et al. 2013 , Lissner et al. 2013 ). In our study we found no secular changes in body weight between 1950 and 2000. Changes in the mean values of body weight, both absolute and normalised, were not statistically significant and did not show significant dimorphic differences. The analysis of the Rohrer index revealed two periods of change in the second half of the 20 th century. In the first period (1950s) values of the index gradually increased, suggesting the increasing corpulence of neonates of both sexes. In the second period index values decreased. This indicates changes towards leaner bodies in neonates born in Wrocław, despite minor fluctuations of the index values in single study years.
As was expected, the secular trend particularly concerns body length at birth. The changing socio-economic conditions in Poland caused by economic crisis in the late 1970s and early 1980s, followed by political transformations, modified ontogenesis during both the prenatal and neonatal period (Bożiłow et al. 1985 , Bożiłow et al. 1992 , Ziółkowski at al. 1992 . Similar conclusions were made from studies on (exotic for us) populations from Papua New Guinea (Ulijaszek 2001) and Argentina (Grandi and Dipierri 2008) . During the studied 50 years we identified four periods characterised by diversified orientation and rate of secular changes. Period 1 (1950s): deceleration in the increase of the analysed body dimensions of neonates. Period 2 (1960s): acceleration in neonates' growth. Period 3 (1970s and 1980s): economic crisis in Poland, decrease in socio-economic level and radical political transformations. This was reflected in stable mean body dimensions of neonates, and the secular trend was clearly inhibited. Period 4 (1990s and 2000): very intense acceleration in all analysed features of neonates.
Unlike in Poland, in countries that did not experience radical socio-economic transformations or war, studies demonstrated stable, weak acceleration of mean values for body weight and length in neonates (Schack-Nielsen et al. 2006) . Brazilian researchers (Silva et al. 2005) also demonstrated that in well-off populations that have easy access to health care services negative secular trends can occur temporarily.
In our studies we found no clear trend attenuating such changes in neonates born in Wrocław. On the contrary, in the 1990s we found a significant acceleration of growth and increase in the leanness of neonates. This may suggest that the expression of inherited potential for development in the studied period of ontogenesis, and with respect to analysed features, has not reached the level determined by the genetic makeup.
Conclusions
No secular changes in body weight of neonates between 1950 and 2000 was found.
The analysis of the Rohrer index revealed two periods of changes in the second half of the 20 th century. In the first period (1950s) values of the index gradually increased, suggesting increasing corpulence in neonates of both sexes. In the second period index values decreased, suggesting a gradual increase in the leanness of the neonates.
During the studied years, four periods of various direction and the rate of secular changes in the length of neonates born in Wrocław were identified: period 1 (1950s) with deceleration in the body length of neonates; period 2 (1960s) with acceleration in neonates' growth; period 3 (1970s and 1980s) most probably associated with economic crisis in Poland, decrease in socio-economic level and radical political transformations. This was reflected in stable mean body dimensions of neonates, and the secular trend was clearly inhibited, and period 4 (1990s and 2000): very intense acceleration in neonates' body weight and length and the Rohrer index.
